Myocardial infarction and sudden cardiac death demonstrate a marked circadian variation with an increased risk during the morning after awakening and arising. The recognition of the morning increase of acute cardiovascular events has convinced many that they may be triggered by morning activities. It is of note, however, that cardiovascular events occur throughout the day -even if at lower frequency compared with the morning.
Introduction
Cardiovascular disease is the main killer in western industrialized societies and is responsible for over 40% of all deaths. It may be considered the 'quintessential twentieth century disease' 1 because the incidence of acute myocardial infarction has grown at alarming rates since the beginning of the century. Important findings about risk factors and the pathogenesis of coronary artery disease have emerged during the last decades. Furthermore, the development and application of pharmacologic, surgical and, more recently, catheter-based intervention strategies has improved the survival odds of those patients hospitalized with acute coronary events. However, more than 50% of patients with acute myocardial infarction still die, most of them suddenly after the onset of symptoms and out of hospital ('sudden cardiac death') ( Figure 1 ). 2 Two principal manifestations of coronary heart disease are recognized. It may present in a benign manner as a chronic condition (stable angina pectoris) or in a catastrophic manner as an acute event such as myocardial infarction, sudden cardiac death or unstable angina pectoris. Many people have atherosclerotic changes in the coronary arteries without experiencing symptoms or even knowing it. Although medications such as aspirin, beta-blockers, statins and ACE inhibitors, as well as diet and physical exercise improve the prognosis of patients with chronic coronary heart disease, specific prevention is still limited given the silent nature of disease development, the difficulties of diagnosing it, and the unresolved issues of an effective means of reducing or eliminating atherosclerosis.
Until recently, little was known about what actually triggers the conversion of chronic stable coronary heart disease to an acute and potentially catastrophic event. Over the last 10 years, the identification of external triggering factors and their pathophysiologic basis and immediate consequences has made important progress. The observation of a marked circadian variation in the onset of acute myocardial infarction with an increased risk in the morning after awakening and arising has provided an ideal 'model' to investigate the factors associated with triggering. The results of this important research are a strong basis on which to launch new, effective prevention strategies.
Circadian variation of acute coronary heart disease

Myocardial infarction
Chronobiological rhythms have been observed for many physiological parameters such as body temperature, blood pressure, hormone levels, etc. In fact, most of the biological 'drivers' of human life appear to follow a diurnal pattern. Only relatively recently, however, has the circadian variation in the onset of acute coronary syndromes been described and received adequate attention. This circadian pattern is generally characterized by a marked morning peak sometimes followed by a secondary minor afternoon peak.
Perhaps the most surprising feature of the morning peak in the onset of acute coronary artery disease is that it became widely appreciated only as recently as 1985. 3 Prior to that time there had been several reports of a morning increase of myocardial infarction but these studies were not widely accepted. The primary reason for lack of acceptance appears to have been the reliance of these studies on timing clinical symptoms. Sceptics could argue that a morning increase in the reporting of the pain of myocardial infarction would be expected even with a random distribution of onset over 24 h since patients might sleep through the onset of disease and recognize the symptoms only after awakening.
The evidence indicating that myocardial infarction is truely more likely to occur in the morning comes from two studies that determined the time of onset of myocardial infarction objectively by timing the appearance of creatine kinase appearance in blood. 3, 4 These studies overcame the previous objections to studies that used onset of pain as the primary marker for time of myocardial infarction onset. In the Multicenter Investigation of Limitation of Infarct Size (MILIS), sequential creatine kinase MB determinations were made to determine the time of onset of myocardial infarction in 849 patients. 3 The onset of myocardial infarction was considered to have occurred 4 h before the initial elevation of creatine kinase. A marked circadian variation of disease onset was present with a maximum of 45 events occurring between 09.00 and 10.00 in the morning and a minimum of 15 events between 23.00 and 24.00 at night. These results were essentially confirmed in the 1741 patients included in the Intravenous Streptokinase in Acute Myocardial Infarction (ISAM) study. 4 Myocardial infarction was approximately four times more likely to occur between 08.00 and 09.00 in the morning than between midnight and 01.00. Analyses of the Second Intravenous Streptokinase and Infarct Survival (ISIS-2) study demonstrated a similar circadian pattern in patient groups categorized with respect to geographic distribution (Figure 2 ), gender and age. 5 Consistently, further studies have demonstrated a similar circadian variation of myocardial infarction. [6] [7] [8] There have been, however, certain subgroups of patients that demonstrated no circadian variation but rather an even distribution of events throughout the day such as patients with diabetes Vascular Medicine 1999; 4: 41-49 mellitus, 5 patients with non-Q-wave myocardial infarction 9 and patients on beta-blockers 4,7 and on aspirin 8 at the time of myocardial infarction.
The analyses of the circadian variation of myocardial infarction described above pooled many individual patients with different rest-activity schedules such as shift workers and early or late risers. Therefore, these findings have been subsequently refined by obtaining evidence on whether the increased risk of myocardial infarction actually occurs after the onset of activity. Based on detailed information obtained from patients regarding the relationship between their wake time and the time of onset of myocardial infarction, wake-time-adjusted analyses were performed. 10 The results demonstrate that the initial 3 h after awakening and arising are the primary hours of increased risk of disease ( Figure 3 ).
Sudden cardiac death
Compared with the circadian variation of myocardial infarction, the morning increase of sudden cardiac death was concealed by a similar logical -but incorrect -explanation. The well-known fact that patients were frequently found dead in bed was attributed not to an increased frequency of sudden cardiac death in the morning but to an increased likelihood of detecting deaths that had occurred with random timing over the hours of sleep. The findings described above for non-fatal myocardial infarction are of great importance for the larger problems of sudden cardiac death. While non-fatal myocardial infarction causes considerable morbidity, the problem of sudden cardiac death is of greatest significance for mortality since it leads to 10 The time of onset of myocardial infarction showed a significant circadian variation (p Ͻ 0.01), with a peak incidence from 08.00 to 11.00 (upper panel). The relative risk of myocardial infarction during this 3-h period, compared with other times of day, was 1.8 (95% confidence interval, 1.5-2.1). After adjustment for the individual patients' times of awakening (lower panel), the morning peak was more pronounced. The relative risk of myocardial infarction during the initial 3-h period after awakening was 2.7 (95% confidence interval, 2.3-3.1).
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Furthermore, there is a considerable overlap between sudden cardiac death and non-fatal myocardial infarction. Autopsy data indicate that approximately one-third of sudden cardiac deaths are caused by acute total coronary occlusion by thrombosis as the hallmark of myocardial infarction. [11] [12] [13] Findings in patients resuscitated from sudden cardiac death support these pathologic findings. 14 Thus, in many cases, the only difference between non-fatal myocardial infarction and sudden cardiac death is that the patients dying suddenly experienced a fatal arrhythmia or immediate heart failure during what would otherwise have been a non-fatal myocardial infarction. In addition to these sudden cardiac deaths associated with coronary thrombosis, there are sudden cardiac deaths due to primary electrical abnormalities, valvular disorders, hypertrophic cardiomyopathy and other underlying disorders.
The first direct evidence of circadian variation of sudden cardiac death was derived in 1987 from an analysis of mortality records of the Massachusetts population. 15 Sudden cardiac death was defined as out-of-hospital death from cardiac disease occurring within 1 h after the onset of symptoms. A total of 2203 individuals were identified who presumably died of sudden cardiac death. The time of day of sudden cardiac death in this population showed a distinct circadian variation with a primary peak in the late morning from 09.00 to 11.00 and a minor secondary peak in the late afternoon, similar to the pattern described above for nonfatal myocardial infarction. A limitation of this study is that it was based solely on information obtained from death certificates. Therefore, an additional analysis of the time of day of sudden cardiac death was performed in the Framingham Heart Study population. 16 A total of 264 subjects (11% of deaths among all 5000 subjects from the original cohort of the Framingham Heart Study) had experienced a definite sudden cardiac death, defined as a witnessed death from cardiac disease, occurring within 1 h after the onset of symptoms. Analyses of the circadian variation in these individuals demonstrated an approximately threefold increase in relative risk of sudden cardiac death during the morning and a low incidence during the night ( Figure 4A ). Even if all possible sudden cardiac deaths were included in the analyses (i.e. patients who may have died from sudden cardiac death that were not witnessed), the trough during the night was eliminated but the marked peak during the morning was still apparent ( Figure 4B) .
A prospective study of 1019 primary cardiac arrest victims in a large unselected population has also demonstrated the existence of a morning peak of out-of-hospital sudden cardiac death. 17 Another study on circadian variation of sudden cardiac death was based on ECG recordings obtained by emergency physicians soon after the onset of symptoms. 18 Patients demonstrating an initial rhythm of ventricular fibrillation showed a marked circadian variation, whereas patients with initial electromechanical dissociation or asystole were relatively evenly distributed throughout the day. Similarly, a circadian variation of ventricular tachycardia has been documented in patients after myocardial infarction. 19 An increased morning risk was observed in patients with poor left ventricular function or prolonged ventricular tachycardia.
An important forward step in the study of triggering the . The frequency is low at night as a consequence of the diminished likelihood that a night-time sudden cardiac will be witnessed, but the decrease in incidence from 09.00 to 13.00 occurs during a period in which observation is likely to be constant. (B) Time of day of definite or possible sudden cardiac death (n = 429). The hourly risk of sudden cardiac death is approximately 70% higher from 07.00 to 09.00 than the average risk during the remaining 22 h of the day.
onset of sudden cardiac death was the adjustment for individual wake times. 20 Timing was based on information from family members of the deceased or other witnesses of the incident describing the precise circumstances of the event. A study in the general population of Massachusetts demonstrated that sudden cardiac death occurs most frequently within 3 h after awakening, similarly to the observation in myocardial infarction. After adjustment for individual wake times the risk of sudden cardiac death was almost threefold during the initial 3 h after awakening compared with other times of day. The analysis of patients enrolled in the Cardiac Arrhythmia Suppression Trial (CAST) also demonstrated that sudden death began most frequently within 2 h after awakening. 21 A major methodological difficulty in studying possible triggers of sudden cardiac death is that first hand historical data are not available except in rare instances of successful resuscitation of the victim. Further studies are therefore needed in a larger number of patients to confirm these wake-time-adjusted analyses of time of death. 
Triggers of coronary syndromes
Physical exertion
External factors have been observed as triggers of cardiac events for a long time. In 1910, at the occasion of the First Congress of Russian Therapists, climbing a steep staircase and a heated card game were reported as events directly preceding myocardial infarction. 22 Physicians frequently hear about possible triggers of heart attacks by their patients ranging from physical exertion to emotional upset, sexual activity and unusual stress. In determining the importance of external triggers of myocardial infarction and sudden cardiac death, the following key questions need to be addressed: 1) Is there an association between external triggers and the onset of cardiac disease beyond what is to be expected by chance alone? 2) What is the frequency and what are the types of triggers?
3) What is the time sequence between the occurrence of the trigger and the onset of disease? 4) What is the pathophysiologic link between external triggers and disease onset? 5) How can triggers -or the catastrophic consequences of triggers -be prevented?
Several retrospective reports in patient populations indicate the presence of possible triggers in many patients. In the MILIS study, approximately 50% of 849 patients self reported exposure to one or more possible triggers, including emotional upset and physical activity. 23 Similar frequencies were reported in other clinical studies. 6, 7 There are numerous case reports suggesting that heavy physical exertion may immediately precede onset of acute myocardial infarction. But it has not been possible to quantify the association between heavy physical exertion and the onset of acute myocardial infarction or to examine factors that might alter the risk of triggering. All of these reports suffered from a lack of appropriate control data. There is the likelihood that patients may retrospectively overestimate the frequency and importance of a possible external factor preceding disease onset in an attempt to find reasoning for their disease. Furthermore, most of the types of triggers reported are of non specific nature, i.e. they occur most frequently without causing disease onset. Therefore, an adequate control strategy is essential in assessing the importance of triggering.
The weaknesses of previous reports were addressed by two studies. One was conducted in Germany, the Triggers and Mechanisms of Myocardial Infarction (TRIMM) study, the other in the USA, the Onset Study. 10, 24 In each of both studies, over 1000 patients were interviewed during hospital stay for acute myocardial infarction. The interviews focused on the activities of patients in the hours preceding the clinical onset of myocardial infarction. An innovative dual control strategy was applied. First, control subjects were matched with regard to gender, age and timing of a control event. These control subjects underwent similar interviews exploring external events prior to the control event. Secondly, patients were also asked about their usual frequency of exposition to possible triggers and exposure to a possible trigger exactly 1 day before the event. With this method each patient serves as his/her own control, and therefore this method was termed a case-crossover design. 25 The self-matching eliminates any selection bias that may influence a traditional case-control comparison.
Both the German and the American studies defined heavy physical exertion as self-reported peak exertion greater than or equal to six metabolic equivalents (METS). One MET is defined as the energy expenditure by a subject sitting quietly and is approximately equivalent to 3.5 ml of oxygen uptake per kilogram of bodyweight per hour. Heavy physical exertion at the onset of myocardial infarction was reported by 7.1% and 4.4% of patients in the TRIMM and Onset Studies, respectively. The relative risk of myocardial infarction associated with physical exertion was approximately twofold ( Figure 5 ), and was similar in different gender and age groups. The risk, however, varied greatly with respect to the usual frequency of heavy physical exertion. In the TRIMM Study, the relative risks were 6.9 for subjects engaging in heavy exertion fewer than four times per week on average compared with only 1.3 for the more Vascular Medicine 1999; 4: 41-49 active population who engaged in heavy exertion at least four times per week. In the Onset Study, the relative risks ranged from 107 in patients who engage in heavy physical exertion less than once per week on average to only 2.4 among patients who reported heavy physical exertion more than four times per week ( Figure 6 ).
Based on these and other results, a better understanding of the effect of physical activity on myocardial infarction Figure 6 Heavy exertion as a trigger of myocardial infarction. 24 The relative risk of myocardial infarction is modified by the usual frequency of heavy exertion (defined as Ͼ 6 metabolic equivalents). The relative risks for heavy physical exertion are shown for subgroups of patients whose habitual frequency of heavy physical exertion is less than one, one to two, three to four or five or more episodes per week. Note that the relative risk is presented on a logarithmic scale. Sedentary individuals experienced an extreme relative risk (107), while those who exerted themselves five or more times per week had an increase in risk of only 2.4 times over baseline (p Ͻ 0.001). Error bars indicate 95% confidence intervals.
was achieved. Regular physical activity has a beneficial effect and reduces mortality from coronary heart disease in the long-term perspective. 26 However, acute physical exertion is associated with a marked risk of triggering myocardial infarction, particularly if performed by untrained individuals with coronary heart disease.
The determination of triggers of sudden cardiac death is much more difficult than investigating triggers of myocardial infarction since the death of the victim usually eliminates the possibility of obtaining first hand historical data of the event and the circumstances during the hours prior to disease onset. Information from witnesses of the event, familiy members or other informants of the circumstances of death, may not be reliable. Only a minority of patients who experienced cardiac arrest are successfully resuscitated and their memory of the preceding events is often obscured. Finally, it is often difficult to confirm the diagnosis of sudden cardiac death since immediate cardiac death is generally not associated with specific symptoms or autopsy results.
Several previous studies suggested a role for physical activity in triggering sudden cardiac death. During World War II, soldiers were observed to experience sudden death of unknown cause frequently during or after strenuous exertion. 27 In a population-based study in Rhode Island, USA, the incidence of cardiovascular death (per man hour) during jogging was compared with the incidence during sedentary activity. 28 Sudden cardiac death was identified by the review of mortality records and activity histories. Although there were only 12 cases of reported sudden cardiac death during jogging over a 6-year period, the age-adjusted relative risk was estimated to be 7 compared with the estimated rate during sedentary activity. A study in Seattle compared 133 cases of sudden cardiac death among married men without a history of heart disease or other cardiac diseases and a random sample of the healthy population. 29 Among men with low levels of habitual physical activity the relative risk of sudden cardiac death was 56-fold, with a wide confidence interval due to the relatively small number of subjects. Based on these data, it was concluded that the average risk of sudden cardiac death is lower in habitually active men compared with those with a sedentary lifestyle, but that the risk of sudden cardiac death during intense activity is transiently increased compared with the average risk in sedentary men.
The risk of sudden cardiac death during mountain hiking and downhill skiing was analysed in an Austrian registry. 30 Compared with the overall average risk of sudden cardiac death, the risk during mountain hiking for men over the age of 34 was estimated to have increased by a factor of 4 and the risk during downhill skiing by a factor of 2. Several other reports published the incidence of sudden cardiac death during specific sport events. The sporting events investigated included organized mass running events, with a risk of sudden cardiac death estimated to be 15 to 1000 times higher than expected by chance alone, and rugby and crosscountry skiing as well as other leisure sports. [31] [32] [33] Two approaches appear to be possible in overcoming the limitation of obtaining first hand historical data on the event preceding sudden cardiac death. 34 First, patients successfully resuscitated from sudden cardiac death may be interviewed in order to evaluate possible triggering events of the disease similar to the method used on studies on the Vascular Medicine 1999; 4: [41] [42] [43] [44] [45] [46] [47] [48] [49] triggering of non-fatal myocardial infarction. To include a sufficient number of subjects in such studies, it is necessary to monitor the rescue services in a large area. A primary problem with this approach is that the group of patients that are successfully resuscitated may not be representive of the total patient group with sudden cardiac death. Secondly, patients with an implantable cardioverter defibrillator system may be used as a model to study the triggering events of shock therapy since in these patients memory of the prior events is generally not obscured and they may thus be an ideal population to study the significance of triggering events. 35 However, a selection bias may again not permit generalization of the results to the majority of patients experiencing sudden cardiac death.
Recently in pursuing the first of the approaches discussed above, successfully resuscitated surviving victims of sudden cardiac death have been identified by monitoring the Berlin emergency care system. These patients are subsequently visited within a few days after the event during their hospital stay to perform a standardized interview on possible triggering events. Preliminary results in 100 patients, who were successfully resuscitated from sudden cardiac death, suggest that the event occurred in approximately 40% of the cases during either strenuous or moderate physical activity. Sudden cardiac death occurred in about 30% of the patients during the initial 4 h after awakening and arising.
Mental stress
There have been numerous anecdotal reports that emotionally and mentally stressful events such as anger or emotional upset may trigger the onset of cardiovascular disease. Data on outbursts of anger were collected in over 1000 patients in the Onset Study. 36 Anger was quantified on a scale from 1 (calm) to 7 (rage). Anger corresponding with levels greater than 4 was reported by 14% of patients within the 26 h before the onset of myocardial infarction. Using the same case-crossover analysis described above for assessing the role of physical exertion, the risk of myocardial infarction was found to be significantly elevated in the 2 h following an outburst of anger, with the relative risk of 2.0 ( Figure 7) .
Determination of the role of mental stress in triggering sudden cardiac death is much more difficult than determination of the role of physical stress because of difficulties in assessing mental stress. Many of the investigations of mental stress as a trigger of sudden cardiac death had been hampered by methodological limitations including the lack of appropriate control data and inadequate measures of psychosocial stress. With these limitations in mind, it is nevertheless important that several retrospective studies have identified an increase in informant-reported life stress either acutely before sudden cardiac death or during the weeks before the event. 34, 37 A correlation of psychological symptoms with a risk of sudden cardiac death was suggested by researchers who reported a significantly lower long-term out-of-hospital death rate after myocardial infarction in patients who participated in a non-specific intervention programme compared with control subjects. 38 A higher level of depression, type B behaviour pattern, and low pulse rate reactivity to challenge were reported as significant predictors of cardiac arrests. 34 Type A behaviour pattern was a significant predictor of sudden cardiac death during follow- Figure 7 Induction time to the onset of myocardial infarction after anger. 36 The two 1-h periods prior to myocardial infarction were associated with increased risk, indicating that a burst of anger may trigger an event within 2 h. Error bars indicate 95% confidence intervals. The dotted line represents the baseline risk.
up of patients after myocardial infarction. More recent preliminary analyses suggest that emotional arousability, a constituent component of Type A behaviour pattern, may have an even stronger association with sudden cardiac death than type A behaviour per se.
Other possible triggers
Sexual activity has been suspected of triggering both myocardial infarction and sudden cardiac death. The Onset Study recently evaluated the magnitude of sexual activity as a possible trigger of myocardial infarction. 39 The risk of onset of myocardial infarction was elevated in the 2 h following sexual activity to a level of 2.1 times higher than the baseline risk. However, the authors conclude that although sexual activity doubles the acute risk of myocardial infarction, the effect of sexual activity is negligible because the absolute risk difference is small, the risk is transient and the activity relatively infrequent.
Several other external events have been reported as possible external triggers of cardiac events. Following the Athens earthquake in 1981, the number of cardiac deaths was significantly increased during the following days compared with a control study 1 year prior to the earthquake. 40 Similarly, during the day of the major California earthquake in January 1994 41 there was an excess risk of myocardial infarction and sudden cardiac death compared with the following days. War threat of annihilation has also been reported to cause an excess number of acute cardiac deaths. 42 During the initial missile threats by Iraq against Israel during the Gulf War, and in particular around the days of the initial missile attacks, an increased risk of cardiac death was documented in the Tel Aviv population (Figure 8 ). The occurrence of blizzards has also been observed to be associated with an increased cardiac mortality. 43 Other natural environmental forces described to increase the number of cardiovascular deaths are major heat waves, such as in the Chicago area in 1995. 44 The variation in occurrence of cardiac disease is not restricted to circadian patterns. A weekly variation of myocardial infarction has been reported in a population-based Vascular Medicine 1999; 4: 41-49 study in southern Germany 45 with a peak risk on Mondays (Figure 9 ). This weekly variation was particularly pronounced in the working population, whereas the non-working subgroup (such as retired people) exhibited a more even weekly distribution. Since most working individuals return to work on Mondays in Germany, the transition in schedules from the weekend to the working week may be the underlying culprit of this phenomenon. Climatic factors have also been observed to influence coronary artery disease. [46] [47] [48] During the winter, sudden cardiac death is increased compared with the summer months, as shown in a recent population-based study (Figure 10 ).
Implications for prevention
The pathology underlying acute coronary heart disease is characterized by three components: an unstable atherosclerotic plaque with a rupture of its cap; an occlusive arterial thrombus; and damage of the arterial endothelium. 49 The structural changes are the prerequisite for the dangerous consequences of physiological mechanisms. Several physiological factors exhibit a marked circadian variation typically linked to the individual rest-activity pattern. These factors include blood pressure and heart rate, platelet aggregability and fibrinolytic activity, and vascular tone. 50 Central to the acute triggering mechanisms of coronary heart disease appears to be the activity of the autonomous nervous system. 34, 50 Increased sympathetic activity may increase the risk of rupture of the atherosclerotic plaque via haemodynamic forces, the risk of thrombosis formation via increased platelet aggregability and via an increase of coronary tone.
Prolonging life by preventing acute cardiovascular events is a major goal of preventive strategies. To reach this goal, a variety of therapeutic measures have been evaluated including lifestyle changes, interventional coronary reconstruction and pharmacologic approaches. Preventive treatment includes medication known to attenuate or block Figure 9 Day of week of myocardial infarction in the working population (n = 884) and in the non-working population (n = 1191). The occurrence of myocardial infarction demonstrates a weekly variation in the working population, with a peak on Monday (relative risk increased by 33%), as opposed to the more even distribution in the non-working population. 45 * p Ͻ 0.05.
Figure 10
Seasonal variation of out-of-hospital sudden cardiac death. 46 In a large data base of 10 027 cases of non-traumatic sudden deaths, there was a marked monthly variation, with a 17% lower relative risk during the summer months (May to July) compared with the winter months (November to January). potentially adverse physiological mechanisms. Furthermore, the routine daily behaviour patterns of patients should be considered when tailoring treatment for optimal protection in patiens with coronary artery disease.
Chronopharmacologic aspects need to be accounted for in designing an effective drug regimen to prevent acute coronary heart disease. The evidence gathered from epidemiology, pathophysiology and pharmacology suggests that during the high-risk period directly after awakening and arising, patients with coronary heart disease need to be protected best. This can presumably be achieved either by administering medication with delayed action before going to bed or by administering medication with immediate action before arising, or by a combination of both.
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